We describe FPAs based on planar-geometry Geiger-mode avalanche photodiodes designed for single-photon 3D LIDAR imaging systems. We compare new 32x128x50µm format FPAs with 32x32x100µm FPAs for dark count rate, crosstalk performance, and overall pixel yield. 
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On a second FPA assembled without a microlens array, we characterized the array-level PDE by considering just that portion of the broad-area optical illumination which fell within the active area of the detector-i.e., this "perpixel" PDE value does not include any fill factor effects. With these data, we obtain the DCR vs. PDE dependence shown on the right side of Figure 3 for 11 representative pixels across the array. This behavior is comparable to analogous data taken on 32 x 32 FPAs [2] after scaling for active area size and microlens fill factor effects, although these data for the new 32 x 128 FPAs exhibits a somewhat wider distribution, presumably due to the larger size of the array.
Comparison of FPA crosstalk behavior for 32x32 and 32x128 sensors
Optical crosstalk can occur in GmAPD arrays when an avalanche of electrical carriers in one pixel emits photons due to hot carrier luminescence (1 emitted photon for every ~10 5 to 10 6 avalanche carriers). The single photon sensitivity of neighboring pixels makes them susceptible to correlated counts triggered by these luminescence LThA3.pdf photons. To reduce the line-of-sight coupling between nearest-neighbor pixels, we have etched isolation trenches along the pixel boundaries. Crosstalk is characterized by triggering an avalanche in one particular pixel using focused single photon illumination and then looking for correlated avalanches in neighboring detectors. We find that correlated cross-talk events occur within a few ns of the initial avalanche and tend to decay over a distance of ~500 µm. In Figure 4 , we should the probability of cross-talk events as a function of the distance of neighboring pixels from the initial avalanche. For the 32 x 32 (left) and 32 x 128 (right) formats, we find a similar "fingerprint" pattern that is reproducible and depends on the specific optical path connecting the avalanching pixel to a particular neighboring pixel. Near-and next-nearest neighbors have larger crosstalk due to direct line-of-sight optical paths, whereas crosstalk at further neighbors involves photon reflections from the back surface of the PDA chip. However, even worst-case near neighbors have cross talk probabilities of < 1% for PDE ~ 40%. LThA3.pdf
